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Objectives. We sought to determine whether an elevated burden of chronic
kidney disease is found among disadvantaged groups living in the United States,
Australia, and Thailand.

Methods. We used data on participants 35 years or older for whom a valid
serum creatinine measurement was available from studies in the United States,
Thailand, and Australia. We used logistic regression to analyze the association of
income, education, and employment with the prevalence of chronic kidney dis-
ease (estimated glomerular filtration rate<60 mL/min/1.73 m2).

Results. Age- and gender-adjusted odds of having chronic kidney disease were
increased 86% for US Whites in the lowest income quartile versus the highest
quartile (odds ratio [OR]=1.86; 95% confidence interval [CI]=1.27, 2.72). Odds
were increased 2 times and 6 times, respectively, among unemployed (not retired)
versus employed non-Hispanic Black and Mexican American participants
(OR=2.89; 95% CI=1.53, 5.46; OR=6.62; 95% CI=1.94, 22.64. respectively). Sim-
ilar associations were not evident for the Australian or Thai populations.

Conclusions. Higher kidney disease prevalence among financially disadvan-
taged groups in the United States should be considered when chronic kidney
disease prevention and management strategies are created. This approach is
less likely to be of benefit to the Australian and Thai populations. (Am J Public
Health. 2008;98:1306–1313. doi:10.2105/AJPH.2007.116020)
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for Australia, from the Australian Diabetes,
Obesity, and Lifestyle Study (AusDiab), and
Thailand, from the International Collaborative
Study of Cardiovascular Disease in Asia (In-
terASIA). We analyzed data from these 2
studies, conducted during 1999–2001 and
2000 respectively, alongside US data from
the third National Health and Nutrition Ex-
amination Survey (NHANES III).13–15 We hy-
pothesized that the association between dis-
advantage and elevated rates of chronic
kidney disease observed for the US popula-
tion would also be observed in Australia. We
also hypothesized that we would see a similar
association for the Thai population, despite
differing levels of economic development.
Relative advantage versus disadvantage was
defined in terms of categories of income, edu-
cational attainment, and employment status
and explored for its association with chronic
kidney disease.

There is currently an international call for
primary and secondary prevention of chronic
kidney disease, particularly in developing

regions in which resources are lacking to
sustain expensive dialysis and transplant ser-
vices.16 Understanding the relation between
SES and chronic kidney disease may help to
define new population groups at risk and
identify important barriers to disease detec-
tion and appropriate management; this infor-
mation would have implications for the de-
sign of preventive interventions and for
health service planning and delivery. We
sought to determine whether associations be-
tween socioeconomic disadvantage and
chronic kidney disease are consistent across
high-income countries and whether such rela-
tions exist outside high-income countries.

METHODS

Study Samples
NHANES III, AusDiab I, and InterASIA

(Thailand) are nationally representative stud-
ies of the health and nutritional status of the
US, Australian, and Thai populations, respec-
tively. NHANES III was conducted from

Chronic kidney disease refers to a chronic,
irreversible loss of kidney function, ranging
from asymptomatic kidney damage to end-
stage kidney disease (ESKD), in which death
would occur without renal replacement ther-
apy. Principal risk factors include diabetes
and hypertension.1 Loss of kidney function
usually takes place gradually over many
years. Whether an individual develops ESKD
depends on the type of primary kidney dis-
ease, how well it is managed, and other risk
factors and comorbidities. Most people with
chronic kidney disease will die of a comorbid
condition, usually cardiovascular disease, be-
fore experiencing complete kidney failure re-
quiring dialysis or transplantation.2 However,
the onset and progression of chronic kidney
disease are highly preventable, and early
treatment of complications can significantly
improve long-term patient outcomes.3

There is strong evidence that low socioeco-
nomic status (SES) is associated with elevated
rates of cardiovascular morbidity and mortal-
ity.4–6 Recent reports have observed similar
associations between SES and the prevalence
and progression of chronic kidney disease,7–10

suggesting the existence of an unrecognized
group at risk for ESKD and cardiovascular
complications of chronic kidney disease.
However, it is difficult to assess whether we
can generalize these findings beyond the few
countries for which data are available or be-
yond high-income countries. Environmental
and infectious causes of chronic kidney dis-
ease11 disproportionately affect the poor of
low- and middle-income countries. Combined
with a growing prevalence of vascular risk
factors accompanying epidemiological transi-
tions12 and inequities in access to medical ser-
vices, this may result in a similar excess bur-
den of chronic kidney disease among the
disadvantaged populations of these countries;
but this remains largely unexplored.

Population representative datasets, includ-
ing data on kidney damage, are now available
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1988 to 1994, AusDiab I from 1999 to
2001, and InterASIA (Thailand) in 2000.
Details of sample selection and data collection
methods have been described elsewhere.13–15

The minimum age for inclusion in our analy-
sis was 35 years, the inclusion criteria stipu-
lated for the InterASIA study.14

Individual participant data were obtained
from the 3 studies (NHANES III: n=10625;
InterASIA (Thailand): n=5099; AusDiab I:
n=9852) for participants 35 years or older
who had a valid serum creatinine measure-
ment. Valid measurements on all required
variables were available for 9098 partici-
pants from NHANES III, 5063 from InterA-
SIA (Thailand), and 9329 from AusDiab I.
Because of documented differences in rates
and outcomes of chronic kidney disease
among US White, non-Hispanic Black, and
Mexican American individuals17,18 as well as
differences in relative advantage, we also con-
ducted separate analyses of these groups
(n=4482, n=2214, and n=2049, respec-
tively). Although indigenous Australians suf-
fer a disproportionately high burden of
chronic kidney disease and ESKD, only 88
people in the AusDiab I study had identified
as Aboriginal or Torres Strait Islander (0.8%)
and were therefore not examined separately.
No data on ethnicity were collected as part of
the InterASIA study.

Measures
The outcome of interest was prevalence of

chronic kidney disease stage 3 or above,19

defined as estimated glomerular filtration rate
(eGFR) less than 60 mL/min/1.73 m2. We
estimated GFR from serum creatinine level
using the Modification of Diet in Renal Dis-
ease Study prediction formula20,21:

(1) eGFR (mL/min/1.73 m2)=186.3×
(serum creatinine–1.154)× (age–0.203)×
(0.742 if female and 1.21 if Black).

Correction is required for gender and race
because for any given GFR, serum creatinine
concentration is significantly higher in men
than in women and in Black persons than in
White persons because of differences in mus-
cle mass.20

In each study, serum creatinine was mea-
sured at a central laboratory using the

modified kinetic Jaffe reaction.14,17,22 Serum
creatinine measurements from NHANES III
and InterASIA (Thailand) were standardized
to samples stored at the Cleveland Clinic
(Cleveland, Ohio).23 Serum creatinine meas-
urements from AusDiab I have not been stan-
dardized. Although this may affect estimated
prevalence of chronic kidney disease for the
Australian population, it does not necessarily
affect the relation between prevalence and
socioeconomic factors.

We compared household income, employ-
ment status, and level of education across
the 3 countries. From data on household in-
come and educational attainment, we con-
structed categories to reflect relative disad-
vantage in each country. A square root
equivalence scale was applied to total house-
hold income to calculate a figure for house-
hold income corrected for the number of
people dependent on that income.24 Ab-
solute household income (or the upper limit
of the income bracket where actual income
was not recorded) was divided by the square
root of household size and then grouped
into quartiles to form income equivalence
groups.

For the NHANES population, quartiles
from lowest to highest were defined as cor-
rected household income less than
US$12000, $12000 to $20499, $20500
to $27999, and greater than $28000. For
the AusDiab population, quartiles were de-
fined as less than Aus$16000, $16000 to
$29999, $30000 to $46999, and greater
than $47000. For the InterASIA population,
quartiles were defined as less than 17000,
17000 to 31999, 32000 to 59999, and
60000 or more Thai baht. For the US and
Australian populations, the majority of adults
35 years or older had completed at least 12
years of schooling, with a large proportion
having completed exactly 12 years, corre-
sponding with the completion of high school.
Therefore, we grouped educational attain-
ment into categories of fewer than 12 years,
12 years, or more than 12 years. By contrast,
approximately two thirds of the Thai popula-
tion had completed exactly 4 years of educa-
tion. Because of the very large size of this
group, results for the Thai population were
compared for fewer than 4 years, 4 years,
and more than 4 years of education.

Statistical Analysis
Logistic regression was used to calculate

the odds ratio for the association between an
eGFR of less than 60 mL/min/1.73 m2 and
each of the socioeconomic variables (house-
hold income, employment status, and educa-
tional attainment) separately. We constructed
multivariate models to account for potential
explanatory variables and separate models es-
timated for each socioeconomic variable. The
first set of models adjusted for diabetes and
hypertension status, which are principal risk
factors for chronic kidney disease1,25,26 and
have been demonstrated to be more preva-
lent with lower education and lower in-
come.27 The second set of models, addition-
ally, adjusted for urban or rural area of
residence, abdominal obesity, smoking status,
and previous cardiovascular events (stroke or
heart attack), factors that have also been
linked to chronic kidney disease prevalence
and incidence.25,28 Analyses were carried out
in SAS software version 9.1 (SAS Institute,
Cary, North Carolina) using proc survey logis-
tic. In all analyses, we adjusted standard er-
rors for the sampling design of each survey,
using the appropriate clustering, stratification,
and sampling weights.

RESULTS

Characteristics of the Study
Participants

Demographic, socioeconomic, and relevant
health characteristics of the US, Australian,
and Thai participants appear in Table 1. The
Thai population had a younger distribution
than the US and Australian populations,
which were alike in their age structure. The
Australian population was the most urban-
ized, and the Thai population the least. A
significantly higher proportion of the Thai
population was employed than the US and
Australian populations (77.1% compared with
59.9% and 57.0%, respectively). The preva-
lence of stages 3 to 5 chronic kidney disease
(eGFR<60 mL/min/1.73 m2) among adults
35 years and older was 6.6% in the United
States (7.2% among non-Hispanic Whites,
5.6% among non-Hispanic Blacks, and 2.1%
among Mexican Americans), 13.9% in Thai-
land, and 10.0% in Australia. The Thai popu-
lation had notably lower rates of hypertension
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and cardiovascular problems. The US popula-
tion had the highest rate of abdominal obesity.

Approximately 40% of adults 35 years
and older in the United States and Australia
had received more than 12 years of educa-
tion. The great majority (63.1%) of the Thai
population 35 years or older had received ex-
actly 4 years of education. The distribution of
educational attainment above 4 years was
6.8% with 5 to 6 years, 6.8% with 7 to 11
years, 4.2% with 12 years, and 7.0% with
more than 12 years of education. These fig-
ures correspond with World Bank statistics on
education, which estimate that, for the popu-
lation older than 25 years in 2000, an aver-
age duration of schooling of 12.25 years in
the United States, 10.57 years in Australia,
and 6.10 years in Thailand.30

Results of Crude Analysis
The crude associations between risk factors

for chronic kidney disease and prevalence of
eGFR less than 60 mL/min/1.73 m2 across
all groups are shown in Table 2. All associa-
tions were in the expected direction except
for smoking—people who had never smoked
or were ex-smokers were more likely than
were current smokers to have an eGFR at
less than 60 mL/min/1.73 m2. However,
this association became nonsignificant after
adjusting for age. Income in the lowest quar-
tile, shorter duration of education, and being
unemployed were associated (P<.01) with
significantly increased odds of eGFR at less
than 60 mL/min/1.73 m2 on crude analysis
among US non-Hispanic Whites, US non-
Hispanic Blacks, the Thai population, and the
Australian population (Table 3). Education
level was not significantly associated with
chronic kidney disease prevalence among
Mexican Americans, although point estimates
were similar to those for other ethnic groups,
and the wide confidence intervals probably
result from the smaller size of this group.

Results of Multivariate Analysis
Age- and gender- and multivariate-adjusted

ORs for the associations between socioeco-
nomic variables and prevalence of eGFR less
than 60 mL/min/1.73 m2 are given in
Table 3. The crude effects of SES reduced
substantially with adjustment for age and gen-
der. The odds ratios for prevalence of eGFR

TABLE 1—Population Weighted Demographic, Socioeconomic, and Health-Related
Characteristics Among US, Australian, and Thai Populations 35 Years or Older, by Study:
NHANES III, AusDiab I, and InterASIA (Thailand)

NHANES III AusDiab I InterASIA (Thailand) 
(n = 9098), % (n = 9329), % (n = 5063), %

Age group, y
35–44 34.4 31.4 40.8
45–54 21.8 26.6 26.6
55–64 18.3 17.4 17.2
65–74 15.7 16.2 12.7
≥ 75 9.7 8.5 2.6

Gender
Men 46.5 48.6 48.7
Women 53.5 51.4 51.3

Area of residence
Urban 48.2 58.8 32.3
Rural 51.8 41.2 67.7

Schooling, y
< 4 . . . . . . 11.9
4 . . . . . . 63.1
> 4 . . . . . . 25.1
< 12 27.1 42.8 . . .
12 32.4 18.4 . . .
> 12 40.5 38.8 . . .

Income equivalence groupsa

Lowest quartile 23.5 26.5 24.5
Second quartile 25.3 25.4 24.9
Third quartile 22.9 23.3 25.1
Highest quartile 28.3 24.8 25.5

Employment status
Employed 59.9 57.0 77.1
Not employed 19.6 16.4 16.4
Retired 20.5 26.6 6.5

eGFR
≥ 60 mL/min/1.73 m2 93.4 90.0 86.1
< 60 mL/min/1.73 m2 6.6 10.0 13.9

Hypertensionb

Yes 41.2 43.2 24.3
No 58.8 56.8 75.7

Stroke or heart attack
Yes 7.3 6.4 .8
No 92.7 93.6 99.2

Diabetesc

Yes 10.6 7.4 9.8
No 89.4 92.6 90.4

Abdominal obesityd

Yes 69.4 32.0 37.8
No 30.6 68.0 62.2

Smoking status
Current smoker 24.3 14.6 24.8
Ex-smoker 32.7 29.3 13.9
Never smoked 42.9 56.1 61.3

Note. NHANES III = Third National Health and Nutrition Examination Survey; AusDiab I = Australian Diabetes, Obesity, and
Lifestyle Study, and InterASIA (Thailand) = International Collaborative Study of Cardiovascular Disease in Asia;
eGFR = estimated glomerular filtration rate.
aIncome equivalence was calculated by dividing total household income by square root of the number of people dependent
on that income. The 25th, 50th, and 75th percentiles for construction of income equivalence groups are US $12 000,
US $20 500, and US $28 000 (United States); Aus $16 000, Aus $30 000, and Aus $47 000 (Australia); and 17 000, 32 000,
and 60 000 Thai baht (Thailand).
bHypertension was defined as systolic blood pressure at more than 140 mm Hg and diastolic blood pressure at more than 90
mm Hg, taking antihypertensive medication or if a doctor ever told the participant that he or she has high blood pressure or
hypertension.
cDiabetes was defined as random plasma glucose at more than 7 mmol/L, taking insulin or oral agents, or if a doctor ever
told the participant that he or she has diabetes.
dAbdominal obesity defined according to waist circumference: more than 80 cm for women, more than 94 cm for non-
Hispanic White or Black men, and more than 90 cm for Asian or Mexican American men.29
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at less than 60 mL/min/1.73 m2 for partici-
pants with fewer than 12 years of education,
compared with those with more than 12
years of education, remained significantly
high for US non-Hispanic White and non-
Hispanic Black participants. Odds ratios also
remained significantly high for unemployed
non-Hispanic Blacks and Mexican Americans
compared with employed groups, and for US
non-Hispanic Whites in the lowest quartile for
income compared with the highest quartile.

Testing for trend across income quartile
groups indicated a significant negative gradi-
ent in the age- and gender-adjusted associa-
tion between income group and prevalence
of eGFR at less than 60 mL/min/1.73 m2

among the US White (P = .002) and non-
Hispanic Black (P = .04) populations. That is,
the odds of prevalent chronic kidney disease
increased with descent in income group for
these populations. A gradient effect of edu-
cation is also suggested for non-Hispanic

Blacks, whereby the odds of prevalent
chronic kidney disease increased with lower
categories of educational attainment. None
of the results for the Australian or Thai pop-
ulations was significant after adjustment for
age and gender, and there was no evidence
of a gradient in the effect of income for ei-
ther population.

Adjusting for diabetes and hypertension
status (Table 3, model 3) and additional
potential explanatory variables (Table 3,
model 4) did not substantially alter these
findings. In the fully adjusted model, the re-
maining statistically significant associations
were unemployment for non-Hispanic Black
and Mexican Americans and income in the
lowest quartile (vs highest) or fewer than 12
years education (vs greater than 12 years)
for US non-Hispanic Whites. The association
between chronic kidney disease prevalence
and fewer than 12 years education (vs greater
than 12 years) was of similar magnitude in

the non-Hispanic Black population com-
pared with the US non-Hispanic White pop-
ulation; however, this was borderline signifi-
cant only, possibly because of the smaller
sample size for this group.

DISCUSSION

We explored the relation between disad-
vantage and chronic kidney disease burden
to determine whether disadvantaged groups
should be targeted for health promotion,
screening, and early intervention. On crude
analysis, we found large and consistent effects
of disadvantage on chronic kidney disease
prevalence across the 3 countries. Following
adjustment for age and gender, disadvantage
was associated with higher prevalence of
chronic kidney disease in the US population.
Income quartile had the strongest effect
among the White population, whereas em-
ployment status had the strongest effect

TABLE 2—Crude Odds Ratios (95% Confidence Interval) for the Association Between Prevalence of 
Chronic Kidney Disease and Extraneous Variables for US, Australian, and Thai Populations 35 Years or 
Older: NHANES III, AusDiab I, and InterASIA (Thailand)

United States

Non-Hispanic White Non-Hispanic Mexican American Thailand Australia 
(n = 4482) Black (n = 2214) (n = 2049) (n = 5063) (n = 9329)

Age,a y

45–54 1.50 (0.56, 4.02) 1.96 (0.79, 4.82) . . . 4.14 (2.47, 6.94) 6.85 (4.86, 12.15)

55–64 4.02 (1.77, 9.14) 8.07 (3.81, 17.09) 8.10 (2.81, 23.38) 14.11 (8.35, 23.83) 13.26 (7.49, 23.46)

65–74 12.05 (5.75, 25.22) 18.70 (9.64, 36.27) 17.41 (6.71, 45.20) 34.08 (19.48, 59.62) 59.66 (34.27, 103.86)

≥ 75 46.01 (22.16, 95.51) 38.51 (19.38, 76.52) 41.93 (16.79, 104.73) 48.95 (24.84, 96.46) 121.15 (69.83, 210.20)

Women (vs men) 1.58 (1.20, 2.05) 1.31 (0.90, 1.92) .99 (0.57, 1.71) 1.34 (.87, 2.06) 2.32 (1.75, 3.07)

Smokingb

Ex-smoker 2.97 (2.11, 4.18) 2.34 (1.48, 3.72) 3.39 (1.31, 8.75) 1.85 (1.29, 2.66) 2.65 (1.71, 4.11)

Never smoked 2.57 (1.83, 3.61) 1.83 (1.16, 2.88) 1.98 (0.96, 4.08) 1.68 (1.05, 2.70) 2.51 (1.62, 3.90)

Rural area of residence (vs urban) 1.12 (0.86, 1.46) 1.36 (0.96, 1.93) 1.37 (0.64, 2.91) 1.31 (0.76, 2.25) 1.43 (0.86, 2.38)

Hypertensivec (vs not) 4.85 (3.79, 6.20) 7.94 (5.35, 11.79) 6.09 (3.21, 11.58) 2.74 (2.05, 3.66) 3.62 (3.01,4.35)

History of stroke or heart attack (vs none) 5.65 (4.42, 7.22) 5.38 (3.62, 7.99) 5.38 (2.90, 9.99) 3.16 (1.47, 6.80) 4.71 (3.43, 6.47)

Diabeticd (vs not) 3.26 (2.30, 4.62) 4.71 (2.87, 7.73) 2.99 (2.33, 3.85) 1.97 (1.13, 3.41) 1.49 (1.16, 1.90)

Has abdominal obesitye (vs does not) 2.06 (1.53, 2.79) 1.43 (0.91, 2.25) 1.48 (0.72, 3.06) 1.49 (0.72, 3.06) 2.27 (1.68, 3.07)

Note. NHANES III = Third National Health and Nutrition Examination Survey; AusDiab I = Australian Diabetes, Obesity, and Lifestyle Study, and InterASIA (Thailand) = International Collaborative Study
of Cardiovascular Disease in Asia; eGFR = estimated glomerular filtration rate. Chronic kidney disease was defined as a GFR of less than 60 mL/min/1.73 m2 (chronic kidney disease severity of
Stage 3 or greater).31 Ellipses indicate that there were insufficient numbers for the calculation of an estimate.
aAge 35–44 was the reference category.
bCurrent smoker was the reference category.
cHypertension defined as systolic blood pressure at more than 140 mm Hg and diastolic blood pressure at more than 90 mm Hg, taking antihypertensive medication, or if a doctor ever told
participant they have high blood pressure or hypertension.
dDiabetes was defined as random plasma glucose at more than 7 mmol/L, taking insulin or oral agents, or if a doctor ever told the participant he or she has diabetes.
eAbdominal obesity defined according to waist circumference: more than 80 cm for women, more than 94 cm for non-Hispanic White or Black men, and more than 90 cm for Asian or Mexican
American men.29



American Journal of Public Health | July 2008, Vol 98, No. 71310 | Research and Practice | Peer Reviewed | White et al.

 RESEARCH AND PRACTICE 

TABLE 3—Crude Age-, Gender-, and Multivariate-Adjusted Odds Ratios (95% Confidence Interval) for the 
Association Between Socioeconomimc Variables and Chronic Kidney Disease Among US,Australian, and 
Thai Populations 35 Years or Older: NHANES III, AusDiab I, and InterASIA (Thailand)

Model 1 (Crude) Model 2 Model 3 Model 4

United States, non-Hispanic White (n = 4482)
Education,a y

< 12 3.18 (2.41, 4.20) 1.33 (1.01, 1.76) 1.28 (.97, 1.70) 1.34 (1.01, 1.77)
12 1.29 (.99, 1.68) .99 (.75, 1.29) .94 (.72, 1.24) 1.00 (.76, 1.30)

Incomeb

Lowest quartile 3.92 (2.69, 5.72) 1.86 ( 1.27, 2.72) 1.77 (1.22, 2.56) 1.80 (1.17, 2.77)
Second quartile  2.00 (1.32, 3.03) 1.44 (.93, 2.22) 1.38 (.89, 2.12) 1.34 (.84, 2.15)
Third quartile .99 (.67, 1.47) 1.23 (.84, 1.80) 1.24 (.84, 1.82) 1.18 (.77, 1.79)

Not employed, not retired (vs employed) 3.54 (2.52, 4.98) 1.00 (.73, 1.38) .95 (.69, 1.30) .81 (.57, 1.16)
United States, non-Hispanic Black (n = 2214)

Education,a y
< 12 4.97 (2.94, 8.38) 2.07 (1.17, 3.68) 1.82 (1.00, 3.34) 1.79 (.92, 3.47)
12 1.79 (1.04, 3.08) 1.63 (.95, 2.81) 1.48 (.87, 2.54) 1.31 (.75, 2.30)

Incomeb

Lowest quartile 3.73 (1.58, 8.79) 1.81 (.75, 4.38) 1.49 (.58, 3.82) 1.47 (.57, 3.81)
Second quartile 2.05 (.81, 5.17) 1.44 (.55, 3.77) 1.25 (.46, 3.39) 1.25 (.46, 3.40)
Third quartile 1.17 (.38, 3.61) 1.06 (.35, 3.28) 1.00 (.32, 3.16) .84 (.25, 2.81)

Not employed, not retired (vs employed) 4.72 (2.73, 8.18) 2.89 (1.53, 5.46) 2.47 (1.30, 4.71) 2.38 (1.24, 4.58)
United States, Mexican American (n = 2049)

Education,a y
< 12 2.37 (.73, 7.68) .86 (.25, 2.96) .79 (.24, 2.68) 1.40 (.40, 4.81)
12 2.43 (.63, 9.29) 1.86 (.47, 7.31) 1.97 (.48, 8.05) 3.52 (.86, 14.44)

Incomeb

Lowest quartile 1.84 (.66, 5.13) 1.32 (.47, 3.70) 1.07 (.37, 3.07) .98 (.32, 2.99)
Second quartile  1.02 (.32, 3.29) .97 (.32, 2.99) .87 (.28, 2.75) .81 (.25, 2.59)
Third quartile .42 (.07, 2.47) .51 (.09, 2.99) .38 (.06, 2.57) .21 (.04, 1.20)

Not employed, not retired (vs employed) 10.12 (3.66, 27.99) 6.62 (1.94, 22.64) 5.52 (1.51, 20.15) 4.49 (1.15, 17.55)
Australia (n = 9329)

Education,a y
< 12 2.69 (2.20, 3.28) 1.07 (.88, 1.30) 1.07 (.88, 1.29) 1.01 (.80, 1.28)
12 .97 (.76, 1.23) .70 (.52, .95) .70 (.52, .94) .72 (.53, .99)

Incomeb

Lowest quartile 5.81 (3.86, 8.73) 1.37 (.87, 2.14) 1.34 (.86, 2.09) 1.31 (.81, 2.13)
Second quartile  3.99 (2.86, 5.57) 1.23 (.83, 1.82) 1.21 (.83, 1.76) 1.18 (.79, 1.78)
Third quartile 1.27 (.85, 1.91) 1.34 (.82, 2.19) 1.33 (.82, 2.16) 1.32 (.78, 2.25)

Not employed, not retired (vs employed) 4.51 (3.02, 6.72) 1.38 (.94, 2.02) 1.35 (.91, 1.99) 1.26 (.88, 1.83)
Thailand (n = 5063)

Education,c y
< 4 5.90 (3.79, 9.19) 1.17 (.73, 1.88) 1.22 (.77, 1.93) 1.11 (.70, 1.76)
4 2.55 (1.75, 3.72) 1.35 (.96, 1.90) 1.43 (1.01, 2.04) 1.31 (.92, 1.85)

Incomeb

Lowest quartile 1.61 (1.01, 2.58) .96 (.67, 1.40) 1.04 (.71, 1.53) .93 (.63, 1.36)
Second quartile  1.03 (.72, 1.47) .94 (.66, 1.34) 1.00 (.70, 1.43) .92 (.65, 1.32)
Third quartile .91 (.67, 1.25) .83 (.57, 1.23) .89 (.60, 1.30) .82 (.56, 1.20)

Not employed, not retired (vs employed) 3.38 (2.46, 4.64) 1.25 (.92, 1.70) 1.20 (.88, 1.63) 1.27 (.92, 1.77)

Note. NHANES III = Third National Health and Nutrition Examination Survey; AusDiab I = Australian Diabetes, Obesity, and Lifestyle Study, and InterASIA (Thailand) = International Collaborative Study
of Cardiovascular Disease in Asia; eGFR = estimated glomerular filtration rate. Chronic kidney disease was defined as a GFR at less than 60 mL/min/1.73 m2(chronic kidney disease severity of
Stage 3 or greater).31 Model 2 was adjusted for age and gender. Model 3 was adjusted for age (continuous), gender, diabetes status (plasma glucose ≥ 7 mmol/L, taking insulin or oral agents, or
doctor ever told participant he or she has diabetes), and hypertension status (systolic blood pressure > 140 mm Hg and diastolic blood pressure > 90 mm Hg, taking antihypertensive medication, or
doctor ever told participant he or she has high blood pressure or hypertension). Model 4 was adjusted for the same set of covariates as model 3, with additional adjustment for area of residence
(urban vs rural), obesity (as defined by waist circumference), smoking status, and previous cardiovascular events (stroke or heart attack).
aMore than 12 years was the reference category.
bHighest quartile was the reference category. Income equivalence was calculated by dividing total household income by the square root of the number of people dependent on that income. The
25th, 50th, and 75th percentiles for construction of income equivalence groups are US $12 000, US $20 500, and US $28 000 (United States); Aus $16 000, Aus $30 000, and Aus $47 000
(Australia); and 17 000, 32 000, and 60 000 Thai baht (Thailand).
aMore than 4 years was the reference category.
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among the non-Hispanic Black and Mexican
American populations.

These results are consistent with previous
findings for the US population.9 To find prev-
alent chronic kidney disease, disadvantaged
groups in the United States are an excellent
group to study. Moreover, adjusting for
known chronic kidney disease risk factors did
not alter these findings; hence, disadvantage
affects chronic kidney disease prevalence in
the United States via mechanisms indepen-
dent of the clustering of risk factors in groups
by SES. By contrast, the crude associations
observed for the Australian and Thai popula-
tions disappeared after adjustment for age
and gender, and we cannot definitively con-
clude on the basis of our results that there is
a consistent international association between
being in the most disadvantaged socioeco-
nomic group and higher chronic kidney dis-
ease prevalence.

It is postulated that education, income, and
employment have an impact on health via
such mechanisms as deprivation in infancy
and childhood, poor diet and nutrient intake,
fewer leisure-time activities, lack of social sup-
port, and housing and monetary difficulties.32

Other factors relevant to chronic kidney dis-
ease prevalence may include exposure to in-
fection, environmental toxins, and poor fetal
nutrition influencing kidney development and
subsequent function.33 Differences in access
to health care and health insurance may also
play a role, possibly explaining the high resid-
ual risks of chronic kidney disease among un-
employed non-Hispanic Black and Mexican
American participants. SES affects health
through complex pathways. Why income and
education have significant effects on chronic
kidney disease prevalence in the US non-
Hispanic White population but not among the
Australian population is not clear. Factors re-
lating to differences in health care systems or
issues of access to health care and primary
prevention may be involved.

Elevated Burden of Chronic Kidney
Disease in Thailand

After adjustment for age and gender, there
were no significant associations for the Thai
population. Profound social and economic
changes accompanied by rapidly changing
patterns of diet and exercise are promoting a

rising burden of chronic, noncommunicable
disease in developing countries.34 Large-scale
urbanization of the rural poor has also con-
tributed to escalating rates of cardiovascular
disease, diabetes, and other chronic dis-
eases.35 Cardiovascular diseases are a leading
cause of death in Thailand. Major vascular
risk factors, including elevated blood pres-
sure and serum total cholesterol, diabetes,
obesity, and smoking, are highly prevalent in
Thailand, especially in the urban popula-
tion.14 Chronic kidney disease is inextricably
interrelated with chronic vascular diseases
and shares risk factors. We believe the inter-
action between environmental and socioeco-
nomic circumstances generates an excess
burden of chronic kidney disease in South-
east Asia.

In Thailand, infectious diseases, exposure
to plant and animal toxins, kidney stones
causing obstruction to urine flow, and tradi-
tional medicines are relatively common
causes of chronic kidney disease in rural
areas, whereas in larger urban centers, the
causes of chronic kidney disease resemble
those reported for the United States and Aus-
tralia, with diabetic nephropathy in particular
a significant and growing cause.36 We were
unable to detect a robust association between
relative disadvantage and prevalence of
chronic kidney disease in Thailand, perhaps
because escalating rates of vascular risk fac-
tors are leading to an elevated burden of
chronic kidney disease among the less disad-
vantaged urban population and infectious and
other causes are leading to a high burden of
chronic kidney disease among the more dis-
advantaged rural population.

A number of other factors may have con-
tributed to the null result for the Thai popula-
tion. First, income, years of education, and
employment status are likely to be distributed
differently in Thailand than in the United
States and Australia. Second, although we de-
fined categories of education and income de-
signed to identify groups of relative disadvan-
tage specific to each country, this relative
disadvantage may not have the same effect in
Thailand in terms of societal participation, ac-
cess to services including health care, and
detrimental exposure to disadvantage in early
life. Although the majority of the Thai popu-
lation had 4 years of education, this is unlikely

to signify the same level of disadvantage in
early life, opportunity in later life, or ability to
process health-related information as do 12
years of education in the United States or
Australia. Third, income, educational attain-
ment, and employment status, when used in
cross-national comparisons, may be poorer
markers of a person’s place in Thai society.
Last, urban or rural area of residence, a factor
included in the multivariate model, may be a
more important determinant of access to em-
ployment, income, and educational opportuni-
ties and of access to health care services in a
country with less well-developed health and
social infrastructures.

Limitations
Our analysis is subject to several limita-

tions. First, our data are cross-sectional.
Chronic kidney disease develops slowly, and
social position may affect its progression
across the life course.37 In each study, serum
creatinine was measured on only one occa-
sion; whether kidney damage was persistent
was not assessed. The cross-sectional nature
of the data introduces the possibility of re-
verse causality whereby poor physical and
mental functioning because of chronic kidney
disease and associated comorbidities may
limit overall prospects for employment and
income. However, because we were inter-
ested in earlier stages of chronic kidney dis-
ease, which is often asymptomatic, reverse
causality is less of a concern.

Second, the need to define measures of
SES that were consistent with the available
data necessitated broad categorizations of ed-
ucation, income, and employment. Third,
GFR-estimating formulae have not been
validated for Asian populations, making the
accuracy of values estimated for the Thai
participants uncertain. A single study among
Chinese patients with chronic kidney disease
showed some bias in the use of GFR-estimating
formulae when compared with gold standard
measures of kidney function.38 This would
affect estimates of chronic kidney disease
prevalence but not necessarily the associa-
tion with SES. Finally, we considered only
individual-level socioeconomic factors and
did not account for the possibility that living
in a poorer area exerts an independent effect
on health.8
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Conclusions
Epidemiological studies examining the rela-

tion between SES and kidney disease have
focused primarily on the link between SES
and treated ESKD.39–42 To our knowledge,
our study is the first population-representative
analysis of the effect of SES on chronic kid-
ney disease prevalence in the Australian and
Thai populations and the first use of interna-
tional data to directly compare the magnitude
and consistency of the effects. Data from the
InterASIA study indicate a heavy burden of
chronic kidney disease in Thailand, with
13.9% of the population 35 years and older
having an eGFR at less than 60 mL/min/
1.73 m2 compared with 10% in Australia
and 6.6% in the United States. Preventative
approaches to chronic kidney disease are
particularly critical in low- and middle-income
countries such as Thailand because of the
extremely high burden of cardiovascular mor-
bidity and mortality associated with chronic
kidney disease and, for a smaller number of
patients, the enormous resource, infrastruc-
ture, and personnel requirements of dialysis
and transplant programs.36,43

Our results indicated neither a detrimental
effect of being in the group at greatest disad-
vantage nor a detrimental effect of being at
the greatest advantage in terms of chronic
kidney disease prevalence among Thai adults.
This suggests that the advantaged and the
disadvantaged share somewhat equally in the
large burden of chronic kidney disease in the
Thai population, although likely through dif-
ferent causal pathways. American clinical
practice guidelines identify those of low SES
as a population group susceptible to chronic
kidney disease, and our results are consistent
with this. In the United States, chronic kidney
disease prevention and management strate-
gies should take particular account of the
higher likelihood of disease among low-
income non-Hispanic Whites and unem-
ployed non-Hispanic Black and Mexican
American individuals. It is less clear whether
disadvantaged Australians would benefit
from targeted intervention. More research is
needed to determine which population
groups in Thailand experience the greatest
risk of chronic kidney disease and what is
driving the large burden of chronic kidney
disease in this country.
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